Mice can regenerate tissue in the third phalanges of digit tip after amputation. The tissue regeneration process involved various cells, molecules, proteins, and genes that were thought to have a role in the process. Hedgehog (Hh) gene was thought to have a role in tissue regeneration, but research in adult tissue regeneration was limited. Hh gene had a role in mitosis and cell morphogenesis during the embryo growth. The expression of this gene continued in the adult cell population. We analyzed the Hh gene expression in tissue regeneration of the third phalange digit tip mice post-amputation until day 25. We used 30 males of mice (Mus musculus var Webster) as an animal model. We observed the histological analysis and Hh gene expression in each growth day. Spearman correlation test results in a strong and significant correlation between the growth length of digit tip mice and mRNA expression of the Hh gene (p <0.005; r = 0.874).
Introduction
Tissue regeneration is a complex process that involves cells, genes, proteins, and molecules from the inflammatory process until the tissue regeneration process completed. [1--4] Tissue regeneration process includes four phases, ie. The wound-healing phase, blastema phase, regeneration phase, and maturation phase. The wound healing phase involves the inflammation stage, granulation stage, and wound contraction stage that occurred in 10 days. In the inflammatory stage, the tissue tried to stop the flow of blood to the injury area by the clot of compacted fibrin. This blood-clotting requires the factor of blood clotting and platelets. In the inflammatory stage, neutrophils and macrophages spread and phagocyted the dead cells in the injury area. Stem cells in basal lamina proliferated and differentiated to form new tissue. [5--7] After the inflammation ended, granulation cells occurred in the blastema phase. The granulated cells formed the new tissue and entered the maturation phase, this is the last phase. The morphogenesis process occurred in the maturation phase. [8--10] The ability of tissue regeneration in each animal is different. Animals with a low taxonomic level has higher ability of tissue regeneration compared to animals at high taxonomic levels. [11] Planaria has high regeneration power, lizards have regenerative power but are limited only to their tails. [12] Likewise, mice have limited regeneration power only at the third phalanges. [13, 14] The ability of this regeneration power occurs because of the limitations of cells, molecules, genes, and proteins whose activity is lower. [15] Research of tissue regeneration is an effort to find the right therapy for humans and stimulate the regeneration of tissue when they get an injury or amputation in their organs. The aim of this research is finding the gene or protein that has an important role in tissue regeneration. Hedgehog (Hh) gene has a role in cell mitosis and tissue morphogenesis from the embryogenesis periodic until the development of adulthood in all organisms. [16] The expression of these genes is still unlimited study in some adult cell populations. The study of the role of Hh gene in tissue regeneration process is limited.
There are three types of hedgehog proteins includes sonic hedgehog (SHh), Indian hedgehog (IHh), and desert hedgehog (DHh). The Hh protein will undergo modification after translation and will be secreted by cells using a protein transporter membrane.
SHh protein is most expressed by vertebrate animal cells. Signaling of the SHh gene also regulates the expansion and division of cells in the formation of neural tubes in the embryonic period. At the development stage, SHh protein inhibits the differentiation of neural progenitor cells to keep the cells as progenitor stem cells. The Hh protein signaling regulates the stem cells in terms of proliferation and specifications cells. In the adult vertebrate, Hh signaling wounds can trigger stem cells to repair and differentiate.
Increased of Hh regulation is a natural response to injury which is a way to achieve tissue repair through cell proliferation, plasticity, or transdifferentiation. [16, 17] The ability of regeneration in the third phalanges of digit tip mice can be used as an animal model to see the role of the Hh gene in tissue regeneration. In this study, we analyze the correlation between the Hh gene expression in digit tip mice tissue and the growth length of digit tip mice to analyze the role of the Hh gene in the tissue regeneration process. DOI 
Histology with an outward appearance of Haematoxylin Eosin (HE)
Histology preparations were stained with haematoxylin-eosin (HE) strokes and histochemcal: 10% formalin; 70% alcohol; 80% alcohol; alcohol 95%; and 100% alcohol; xylol; paraffin block; haematoxylin-eosin; equates; the outward appearance of Van Gielson.
The measured growth length of digit tip mice
The measured growth length of digit tip mice used the Image-J program I-46. Image-J I-46 software has various features that one feature can use in measuring the length of tissue in µm scale. [18] The length calculation which used the line drawing feature was obtained automatically as the measure feature ( Figure 1 ).
qPCR mRNA Analysis
Before amplified DNA of the Hedgehog gene by qPCR machine, we designed the primary DNA using multiple alignment methods by MEGA7 software. We used 18 sRNA Cycle Threshold (CT) for analysis by the Livak method. The value of gene expression is a relative quantification to the control.
Statistical Analysis
Statistical analysis for normally data distribution was using the Kolmogorov Smirnov test. If the data distribute was not normal would be transformed into a log model. The normality test performed again. We used a parametric model for the data distribution was normal. Conversely, we used the non-parametric model if the data distribution was not normal. We used Spearman's correlation test used for non-parametric data.
Results

Morphology Growth of digit tip Mice
The results of post-amputation digit tip tissue growth after growth of day 0 (4 hours), days 1, 3, 5, 10, 15, and 25 after amputation, showed significant growth results ( Figure   2 ).
The Measurement Results of digit tip mice Length
The measurement results of digit tip mice length from day 0 (4 hours after amputation) until the 25th day showed a significantly different growth. Digit tip mice length data was not normally distributed with the ANOVA non-parametric test (p <0.05) of each growth day (Figure 3 ). On the graph, it appears that there is a relatively slow growth from day 0 (4 hours after amputation) to day 10, growth in the length of digit tip mice began to increase rapidly after day 10 to day 25. Significantly increased growth occurred at the phase after the blastema phase. ANOVA test showed a significant length difference on each growth day (p <0.05).
Hedgehog Gene (HH) mRNA Expression Test Results
The results of the qPCR test for the analysis of the Hedgehog gene mRNA expression showed a significant difference, the data were not normally distributed, with the nonparametric ANOVA test (p <0.05) (Figure 3 ). The HH gene mRNA expression graph shows a slow increase from day 0 to day 5, in the inflammatory phase. The increase in expression begins in the granulation phase until the regeneration phase after the blastema phase. However, this graph decreases in the maturation phase of digit tip mice regeneration. 
Statistical Analysis
The results of the Spearman correlation statistical test showed a strong positive correlation between digit tip mice growth and Hedgehog (Hh) mRNA expression (p <0.005, r = 0.874) ( Figure 5 and Table 1 ).
Discussion
The results of the statistical analysis of the digit tip mice length growth from day 0 (4 hours after amputation) until day 25 showed a significant difference in each phase of tissue regeneration. In the inflammatory stage, the length growth of digit tip mice shown no significant. The wound healing and wound contraction occurred in this stage, there was no regenerated tissue but only proliferation, migration, and differentiation cells. Therefore, the growth of the length of digit tip mice in this stage was relatively slow. According to Mescher, wound-healing phase occurred at the beginning of tissue regeneration, characterized by proliferation, migration, and differentiation of cells. [20] In the tissue regeneration of zebrafish tissue, cells migrated at the beginning of tissue regeneration in various organs. In zebrafish heart tissue regeneration, progenitor cells and cardiomyocytes migrated to the heart tube. The result of the Spearman correlation test showed a strong positive correlation between the length growth of the digit tip mice and the mRNA Hh gene expression.
The strong correlation showed the role of the Hh gene in tissue regeneration of digit tip mice. The graph of digit tip mice growth length was significantly after the blastema phase, as well as the Hh gene expression. The results of this correlation analysis test further strengthen our assumptions about the role of the Hh gene in the process of tissue regeneration.
Conclusion
There was an increase of Hh gene expression in tissue regeneration. There was also a strong correlation between the Hh gene expression with the growth of the length of digit tip mice. Therefore, this research showed that the Hh gene had a significant role in tissue regeneration of digit tip mice.
